This paper reports a study of influence of Cr concentration on the electrical properties and microstructure of SnO 2 -based powders doped with Mn and Nb, prepared by an organic route (Pechini method). All the samples were compacted into discs and sintered at 1300°C for 3h, resulting in ceramics with relative density varying between 78% and 98%. The powders were characterized by X-ray diffraction analysis. Impedance spectroscopy characterization indicated that the conductivity decreases as Cr concentration increases, probably due to Cr segregation at grain boundaries, which reduces grain size, increasing the number of resistive boundaries.
Introduction
Pure tin dioxide is a n-type semiconductor with tetragonal crystalline structure similar to that of rutile [1] . SnO2 has many uses such as in gas sensors, electrodes for electric glass melting furnaces, electro chromic devices, crystal displays, photo detectors, solar cells and protective coatings [2] [3] [4] . However, the use of tin dioxide ceramics is limited due to poor densification during sintering caused by the dominance of non-densifying mechanisms for mass transport such as surface diffusion or evaporation condensation [5] . These mechanisms promote grain coarsening of SnO 2 leading to poor densification of this ceramics [6] .
Dense SnO 2 -based ceramics can be achieved by introducing dopants such as MnO 2 [7] and CoO [8] or by hot isostatic pressing [9] . Dopants with valence +2 can promote densification of SnO 2 ceramics due to the formation of solid solution with the creation of oxygen vacancies [10] , according to:
Dopants with valence +5, such as Nb 2 O 5 , are added to SnO 2 ceramics in small amounts to promote the substitution of Sn +4 by Nb +5 , leading to an increase of electronic conductivity in the SnO 2 lattice [11] , according to:
The addition of Cr 2 O 3 in SnO 2 -based ceramics leads to a high non-linearity coefficient, α = 41, due to the introduction of defects in the crystal lattice that are responsible for the formation of Schottky-type potential barriers at the grain boundaries, enabling its use in varistors [12] . The introduction of Cr 2 O 3 in the SnO 2 lattice leads to the substitution of Sn +4 by Cr +3 , according to the reaction:
The influence of Cr +3 on the electrical conductivity of Sn-Mn-Nb systems prepared by the Pechini method and its correlation with microstructure were investigated in this work.
Experimental Procedure
The powders were prepared using the Pechini method [13] [14] . This method consisted in the preparation of metallic citrates that were added to a solution of citric acid and ethylene glycol to form a polymeric resin. This resin was pre-calcined (400°C/4h) to eliminate organic material, deaggregated by milling and calcined again (500°C/15h) to eliminate residual organic material.
The raw materials were ethylene glycol (Merck), citric acid (Synth), tin chloride (Merck), manganese carbonate (Carlo Erba), niobium oxide (Puratronic), chromium nitrate (Vetec), ammonia solution (Merck) and nitric acid (Merck).
The powders were ground by a ball mill process in alcohol media. The molar system composition was (98.97-X)%Sn + 1.0% Mn + 0.03% Nb + X% Cr, with X equal to 0.0, 0.1, 0.3, 0.5, 0.7 or 1.0, (see Table 1 ). The obtained powders were characterized by X-ray diffraction (XRD; SIEMENS D-5000). The powders were uniaxially pressed under 20 MPa into 8.0 X 1.5 mm discs, followed by isostatic pressing under 210 MPa. The discs were sintered at 1300°C for 3h and slowly cooled down to room temperature. The relative densities were determined by the Archimedes method. Mean grain size was determined by analyzing the scanning electron microscopy micrographies (SEM, TOPCOM SM -300), using the intercept method [15] . The impedance measurements were made with a Hewlett-Packard 4192A impedance analyzer using frequencies ranging from 100 Hz up to 4 MHz. Measurements were made at temperatures ranging from 30 up to 500 o C. The impedance data were analyzed with the Equivalent Circuit (EQUIVACRT) program [16] .
Results and Discussion
The X-ray diffraction patterns of the compositions studied (Fig. 1) indicates a single phase, cassiterite, in all systems, as already observed in other reports [1, 5, [10] [11] [12] . Table 2 presents the relative density and mean grain size of systems after sintering. According to this table, addition of 0.1 mole % of Cr presented best densification. However, by increasing Cr at higher concentrations, the final density of the ceramics substantially decreases, which could be associated to the decrease of oxygen vacancy formation at the grain boundary [12] . Increase in Cr concentration also leads to reduction of SnO2 mean grain size. This decrease in mean grain size could be associated to segregation in the grain boundaries. The scanning electron microscopy micrographs are presented in Fig. 2 . It was found that the ceramics porosity increased by increasing Cr concentration and this is in agreement with the results of density measurrments shown in Table 2 . This increase in porosity is probably due to the segregation of Cr at the grain boundary region, inhibiting mass transport during sintering. The ceramics systems showed heterogeneous grain size distribution. Figure 3 shows impedance spectra at different temperatures. Two semicircles partially convoluted are observed for ceramics doped with Cr concentrations up to 0.5 mole %, indicating the presence of two time constants in the system. The electrical response can be fitted by an equivalent circuit composed by two series circuits of a resistance and capacitor in parallel [17] . The capacitance per unit area was calculated using brick layer model. The obtained values of both semicircles are between 10 -11 and 10 -8 F/m 2 which are typical of grain boundary capacitance. These two semicircles in impedance spectra could be explained by the heterogeneous distribution of Cr at the grain boundary followed by different defects and/or adsorbed species. The influence of ' Sn
